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TITLE OF THE INVENTION 



INFORMATION PROCESSING APPARATUS 



BACKGROUND OF THE INVENTION 



Field of the Invention 

[0001] The present invention relates to an information 
processing apparatus for converting input color data 
indicating an achromatic color into output color data 
indicating a simple black color. 
Description of the Related Art 

[0002] Fig. 1 schematically illustrates color matching 
between different devices. 

[0003] Input data, such as RGB data or CMYK data, is 
converted into XYZ data in a device -independent color space 
by using an input profile. Colors outside the color 
reproduction range of an output device cannot be reproduced 
by the output device. Accordingly, color-space compression 
is performed on the input data that has been converted into 
device-independent color- space data so that the input colors 
can be contained within the color reproduction range. After 
color- space compression, the input data is converted from 
the device -independent color space into CMYK data in a 
device - dependent color space . 
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[0004] In color matching, a reference white point and the 
ambient light are fixed. For example, in the profiles 
defined by the International Color Consortium (ICC), the 
Profile Connection Space (PCS) for connecting the profiles 
5 is set to D50- standard XYZ values and Lab values . 

[0005] However, when the same sample (for example, an 
image) is observed under different light sources, the XYZ 
values obviously become different between the different 
light sources- To predict XYZ values under different light 
10 sources, there are conversion methods such as (1) ratio 

conversion, (2) Von Kries conversion, and (3) prediction 
equations using color perception models. 

[0006] In the ratio conversion method, a ratio conversion 
W2/W1 is performed for converting the XYZ values under a 

15 reference white point Wl into XYZ values under a reference 

white point W2 . When this conversion method is applied to 
the Lab uniform color space, the Lab values under Wl and the 
Lab values under W2 coincide with each other. For example, 
when the XYZ values of a sample under Wl (X^, Y wl , Z wl ) are 

20 (XI, Yl, Zl), and when the XYZ values of a sample under W2 

(^2' Y w2' z w2> are < X2 ' Y2 * Z2), the following relationships 
are obtained by the ratio conversion. 
X2 = (X w2 /X wl ) -XI 
Y2 = (Y w2 /Y wl )-Yl 

25 Z2 = (Z w2 /Z wl )-Zl (1) 
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[0007] In the Von Kries conversion method, the ratio 
conversion W2 ' /Wl ' in a human color perception space PQR is 
performed for converting the XYZ values under Wl into XYZ 
values under W2. When this conversion method is applied to 
5 the Lab uniform space, the Lab values under W2 and the Lab 

values under Wl do not coincide with each other. For 
example, when the XYZ values of a sample under Wl (X wl , Y wl , 
Z wl ) are (XI, Yl , Zl), and when the XYZ values of a sample 
under W2 (X w2 , Y w2 , Z w2 ) are (X2, Y2, Z2), the following 
10 relationships are obtained by the Von Kries conversion. 
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[0008] According to the prediction equation using color 
perception models, conversion is performed by using a human 
5 color perception space QMH (or JCH) , such as CIECAM97s, for 

converting the XYZ values under viewing condition VC1 
(including Wl) into XYZ values under viewing condition VC2 
(including W2). In QMH, Q indicates the brightness, M 
represents the colorf ulness , and H designates the hue- 
10 quadrature or hue-angle, respectively. In JCH, J indicates 
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the lightness, C represents the chroma, and H designates the 
hue -quadrature or hue-angle. When this conversion method is 
applied to the Lab uniform color space, the Lab values under 
Wl and the Lab values under W2 do not coincide with each 
5 other, as in the Von Kries conversion method. For example, 

when the XYZ values of a sample under Wl (X^, Y wl , Z wl ) are 
(XI, Yl, Zl), and when the XYZ values of a sample under W2 
(Xw2' Y w2' 2 w2 ) are (X2, Y2 , Z2), the following conversion is 
performed by using the color perception models. 

10 (XI, Yl, Zl) [CIECAM97S forward conversion] -> 

(Q, M, H) or (J, C, H) [CIECAM97s inverse conversion] 
(X2, Y2, Z2) _ (3) 

[0009] An example of color matching implemented under 
different viewing conditions by using color perception 

15 models is shown in Fig. 2. 

[0010] As shown in Figs. 1 and 2, color matching between 
different devices can be achieved by using device- 
independent XYZ values (or Lab values). However, when 
converting XYZ values into CMYK values, the black-printing 

20 (K-printing) generation characteristic must be fixed so as 

to obtain one K value since a plurality of combinations of 
CMY values and K values are available for single XYZ values. 
[0011] If the black-printing generation characteristic is 
fixed, a combination of CMY value and the K value can be 

25 uniquely determined for the XYZ value. However, when 
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converting CMYK values into CMYK values, even if the 
combination of the input CMY values and K value is changed, 
such a change cannot be reflected in the resulting output 
data since the black-printing generation characteristic is 
5 fixed. For example, it is now assumed that CMYK values Al ' 

are output in response to input CMYK values Al . In this 
case, even if CMYK values A2 , which represent the same color 
as the CMYK values Al, are input by increasing the CMY 
values and by decreasing the K value, the resulting output 
10 data remains the same as the CMYK values Al 1 in accordance 

with the fixed black-printing generation characteristic 
since the XYZ values are the same. 

[0012] For the same reason, when a gray color is output 
in response to input CMYK values, even if the simple K color 
15 (0, 0, 0, K) is input, the resulting output data does not 

become a simple K color (0, 0, 0, K'). 

[0013] In the field of graphic art, characters in CMYK 
values are in many cases represented by a simple K color. 
It is thus desirable that an input simple K color be output 
20 as a simple K color. 

[0014] Additionally, it is desirable that a simple K 
color be output in response to input RGB values (when R = G 
= B). 



25 



SUMMARY OF THE INVENTION 
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[0015] In view of the above background, it is an object 
of the present invention to reproduce a simple K color when 
input data is an achromatic color. 
5 [0016] To achieve the above-described object, according 

to one aspect of the present invention, there is provided an 
information processing method for converting input color 
data indicating a plurality of color components including a 
black color component into output color data that indicates 

10 a plurality of color components including a black color 

component. The information processing method includes: 
determining the relationship between lightness levels and 
black colors based on characteristics of an output device; 
and determining, when the input color data indicates a 

15 simple black color, output color data for a simple black 

color having a lightness level equivalent to the lightness 
level of the input color data based on the determined 
relationship between lightness levels and simple black 
colors . 

20 [0017] According to another aspect of the present 

invention, there is provided an information processing 
method for converting input color data into output color 
data that indicates a plurality of color components 
including a black color component . The information 

25 processing method includes: determining a relationship 
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between lightness levels and black color based on 
characteristics of an output device; and determining, when 
the input color data indicates an achromatic color, output 
color data for black color having a lightness level 
5 equivalent to a lightness level of the input color data 

based on the relationship between lightness levels and black 
color. 

[0018] According to a further aspect of the present 
invention, there is provided a program for implementing an 

10 information processing method for converting input color 

data indicating a plurality of color components including a 
black color component into output color data that indicates 
a plurality of color components including a black color 
component. The program implements: determining a 

15 relationship between lightness levels and black color based 

on characteristics of the output device; and determining, 
when the input color data indicates black color, output 
color data for the black color having a lightness level 
equivalent to a lightness level of the input color data 

20 based on the relationship between lightness levels and black 

color. 

[0019] According to a yet further aspect of the present 
invention, there is provided a program for implementing an 
information processing method for converting input color 
25 data into output color data that indicates a plurality of 
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color components including a black color component. The 
program implements: determining a relationship between 
lightness levels and black color based on characteristics of 
the output device; and determining, when the input color 
5 data indicates an achromatic color, output color data for 

black color having a lightness level equivalent to a 
lightness level of the input color data based on the 
relationship between lightness levels and black color. 
[0020] According to a further aspect of the present 

10 invention, there is provided an information processing 

apparatus for converting input color data indicating a 
plurality of color components including a black color 
component into output color data that indicates a plurality 
of color components including a black color component. The 

15 information processing apparatus includes: a first section 

arranged to determine a relationship between lightness 
levels and black color based on characteristics of an output 
device; and a second section arranged to determine, when the 
input color data indicates black color, output color data 

20 for black color having a lightness level equivalent to a 

lightness level of the input color data based on the 
relationship between lightness levels and black color. 
[0021] According to a further aspect of the present 
invention, there is provided an information processing 

25 apparatus for converting input color data into output color 



- 10 - 



data that indicates a plurality of color components 
including a black color component. The information 
processing apparatus includes: a first section arranged to 
determine a relationship between lightness levels and black 
5 color based on characteristics of an output device; and a 

second section arranged to determine, when the input color 
data indicates an achromatic color, output color data for 
black color having a lightness level equivalent to a 
lightness level of the input color data based on the 

10 relationship between lightness levels and black color. 

[0022] Other features and advantages of the present 
invention will be apparent from the following description 
taken in conjunction with the accompanying drawings, in 
which like reference characters designate the same or 

15 similar parts throughout the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] Fig. 1 schematically illustrates normal color 
20 matching between different devices. 

[0024] Fig. 2 schematically illustrates color matching 
under different viewing conditions. 

[0025] Fig. 3 illustrates initializing processing for 
determining an L-K characteristic. 
25 [0026] Fig. 4 illustrates color-matching processing when 



CMYK values are input. 

[0027] Fig. 5 illustrates color-matching processing when 
RGB values are input. 

[0028] Fig. 6 illustrates an example of a user interface. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0029] An embodiment of the present invention is 
described below with reference to Figs. 3 through 5. 
[0030] AToBxTag and BToAxTag are tags used to performing 
color conversion between PCS and device dependent space. In 
this embodiment, they are used when converting Src_CMYK 
values into Dst_CMYK values, as well as when black-printing 
compensation is performed for a printer. AToBxTag is 
represented by a look-up table (LUT) in which color 
conversion from a device -dependent color space into PCS is 
indicated. BToAxTag is represented by an LUT in which color 
conversion from PCS into a device-dependent color space is 
indicated. 

[0031] Color conversion according to this embodiment is 
indicated by the flowchart of Fig. 4. 

[0032] It is first determined whether black-printing 
compensation is ON or OFF (such a step is indicated by 41 in 
Fig. 4). 

[0033] If black-printing compensation is OFF, the 
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Src_CMYK values (CMYK values dependent on a source device) 
are converted Into the Dst_CMYK values (CMYK values 
dependent on a destination device), as in the color matching 
shown in Fig. 1, by using the AToBxTag of a source profile 
5 11 and the BToAxtag of a destination profile 12. In this 

case, even when a simple K color is input, a non simple K 
color is output. That is, CMYK values (other than values 
for a simple K color) determined by the fixed black-printing 
generation characteristic are output. 
10 [0034] If black-printing compensation is ON, initializing 

processing 31 for black-printing compensation is performed. 
The initializing processing 31 is described in detail below 
with reference to Fig. 3. 

[0035] The AToBxTag is read from the destination CMYK 
15 profile 12 (such a step is indicated by 32 in Fig. 3). In 

the AToBxTag, color conversion from the CMYK values of the 
destination device into the PCS (for example, conversion 
from CMYK values into Lab values) is indicated in an LUT. 
[0036] Then, by inputting a pseudo simple K color (0, 0, 
20 0, K) (for example, K = 0 to 255) as color conversion input 

of the AToBxTag, Lab values in response to the simple K 
color (K = 0 to 255) are obtained. In this case, since the 
only item required is the L* value (lightness information), 
a* and b* are ignored (if the PCS is indicated by XYZ values, 
25 the XYZ values are converted into Lab values). According to 
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the relationship between a simple K value (0, 0, 0, K) (for 
example, K = 0 to 255) and the corresponding L* value, a K-L 
characteristic indicated by a graph 34 is obtained (such a 
step is indicated by 33 in Fig. 3). 
5 [0037] Then, inverse conversion is performed on the K-L 

characteristic (graph 34), resulting in an L-K 
characteristic (graph 36) (such a step is indicated by 35). 
The L-K characteristic indicates the simple K value 
corresponding to the lightness L*. 
10 [0038] According to the above -described initializing 

processing 31, a table for determining the K value required 
for reproducing a certain L* value as a simple K color can 
be formed. 

[0039] After the initializing processing 31 for black- 
15 printing compensation, it is determined whether each 

component of the input Src_CMYK value is a simple K color, 
that is, whether the input color data is an achromatic color. 
[0040] If the input Src_CMYK values indicate that C!=0, 
M!=0, or Y!=0, that is, if any one of the C, M, and Y 
20 components is not 0, it is determined that the input CMYK 

values do not indicate a simple K color, and the Src_CMYK 
values are converted into the Dst_CMYK values, as in the 
color matching shown in Fig. 1, by using the AToBxTag of the 
source profile 11 and the BToAxTag of the destination 
25 profile 12. 
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[0041] However, if the input Src_CMYK values indicate 
that C=M=Y=0, it is determined that the Src_CMYK values are 
a simple K color. 

[0042] Conversion processing is performed on the simple K 
5 color by using the AToBxTag of the source profile 11 and the 

L-K characteristic which is obtained by the initializing 
processing 31 for black-printing compensation. More 
specifically, the Lab values (or XYZ values) for the simple 
K color of the source device is obtained by using the 

10 AToBxTag, and the simple K color of the destination device 

can be obtained by referring to the L-K characteristic by 
using the L value of the Lab values (if the PCS is indicated 
by XYZ values, the XYZ values are converted into Lab values). 
[0043] As described above, when black-printing 

15 compensation is ON, in response to the Src_CMYK values 

indicating a simple K color, the Dst__CMYK values indicating 
a simple K color can be output, while maintaining lightness. 
As a result, when characters indicate a simple K color, a 
corresponding simple K color can be reproduced, which is 

20 desirable in the field of graphic art. 

[0044] A description will now be provided of black- 
printing compensation when Src_RGB values are converted into 
Dst_CMYK values during the color conversion process. 
[0045] When the source profile is a monitor profile, a 3 

2 5 x 3 matrix and a gamma characteristic for converting a 



device -dependent color into PCS are stored therein. The 
process for this type of color conversion is indicated by 
the flowchart of Fig. 5. 

[0046] The process steps are similar to those of Fig. 4 
(color conversion from CMYK values into CMYK values). 
However, instead of determining whether the CMYK values are 
a simple K color, it is determined whether R=G=B (such a 
step is indicated by 52 in Fig. 4). That is, it is 
determined whether the input color data is an achromatic 
color. 

[0047] As described above, the 3x3 matrix and the gamma 
characteristic are stored in the source profile 11. Device 
RGB values are converted into linear RGB values by the gamma 
characteristic, and the linear RGB values are converted into 
XYZ values by the 3x3 matrix. 

[0048] Black-printing compensation when Src_CMYK 
values/RGB values are converted into Dst_CMYK values while 
considering the viewing conditions will now be described. 
[0049] In this case, although the basic process flow is 
similar to Figs. 3, 4, and 5, the viewing conditions must be 
considered in the initializing processing 31 for black- 
printing compensation and in the processing for the source 
profile 11 and the destination profile 12. 

[0050] In black-printing compensation, viewing conditions, 

which are used as a reference (for example, a subject is 
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viewed in an office under D50), are set in advance. Then, 
by considering the viewing conditions when determining the 
K-L characteristic 34 in the initializing processing 31, the 
color perception models are applied from the viewing 
5 conditions set in the destination profile so that the L 

value under the reference viewing conditions is determined. 
[0051] When processing a simple K value or a gray value 
(R=G=B) , the L value under the reference viewing conditions 
which are set when determining the K-L characteristic 34 is 

10 determined from the viewing conditions stored in the source 

profile by the color perception models, and a simple K color 
is obtained by applying the L-K characteristic under the 
reference viewing conditions which are determined in the 
initializing processing 31. 

15 [0052] When black-printing compensation is OFF, or when 

the input color is other than a simple K color or other than 
R=G=B, the viewing conditions can be considered by applying 
processing similar to that shown in Fig. 2. 
[0053] When performing color matching from input RGB 

20 values or CMYK values into CMYK values according to the 

above -described processing, in response to a simple K value 
or a gray value (R=G=B), a simple K value can be output 
while maintaining lightness by using color perception models, 
such as CIECAM 97s, while taking the viewing conditions into 

25 consideration. 



[0054] It is to be understood that various modifications 
can be made to the above-described embodiment. 
[0055] A determination as to whether black-printing 
compensation is applied may be independently made in a color 
matching function (MatchColors ) for a color list or in a 
color matching function (MatchPixmap) in a raster image. 
[0056] Alternatively, a determination as to whether 
black-printing compensation is applied when performing color 
matching may be made via a user interface. For example, as 
shown in Fig. 6, it may be determined whether black-printing 
compensation is performed for individual items, such as 
characters, vector images, and raster images input in the 
form of RGB, and for individual items, such as characters, 
vector images, and raster images input in the form of CMYK. 
[0058] Black-printing compensation can be turned ON by 
checking a corresponding check box. Black-printing 
compensation is effective only when color matching is 
performed from input RGB values into CMYK values and from 
input CMYK values into CMYK values. 

[0059] According to the above-described modified example, 
in performing color matching from RGB values or CMYK values 
into CMYk values, a determination as to whether a simple K 
color is output in response to a simple K color or a gray 
color (R=G=B) can be made independently for each item, such 
as a color list and a raster image. As a result, processing 
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for outputting the simple K color can be controlled in units 
of objects, such as characters, vector images, and raster 
images . 

[0060] Although in the above-described embodiment a CMYK 
device is used as the output device, the present invention 
can be applied to N number of colors including K, such as 
six colors consisting of CMYK, light C, and light M, and six 
colors consisting of CMYK, orange, and violet. 
[0061] In the present invention, software program code 
for implementing the functions of the above -described 
embodiment may be supplied via a network. 

[0062] In this case, the software program code itself 
implements the functions of the above -described embodiment, 
and thus, the program code itself and means for supplying 
the program code to a computer constitute the present 
invention . 

[0063] The functions of the foregoing embodiment can be 
implemented not only by running the program code read by the 
computer, but also by executing processing by, for example, 
an operating system (OS) or another application software 
program running in the computer in cooperation with the 
program code. In this case, the present invention 
encompasses the program code. 

[0064] As many apparently widely different embodiments of 
the present invention can be made without departing from the 
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spirit and scope thereof, it is to be understood that the 
invention is not limited to the specific embodiments thereof 
except as defined in the appended claims. 



